This study investigated the potential risks of using 1080 apple bait for possum control on non-target species. Trials were conducted using captive native birds at Orana Park and honeybees (Apis mellifera) at Halswell to determine whether these species would feed on non-poisonous apple baits. Bird species were kaka (Nestor meridionalis), kea (Nestor notabilis), kakariki (Cyanoramphus sp.), silvereye (Zosterops lateralis), weka (Gallirallus australis) and kereru (Hemiphaga novaeseelandiae). Kaka, kea, kakariki and silvereye preferred to feed on apple bait over carrot bait, spending 74-100% of their feeding time on the apple bait. Honeybees were not attracted to the apple bait. It is concluded that there could be a greater risk to native birds when apple baits are used for possum control compared to the risk associated with using carrot bait. Consequently it is recommended that aerial application of apple should not be undertaken and that apple baits should be used in bait stations only.
INTRODUCTION
The brushtail possum (Trichosurus vulpecula) was first introduced into New Zealand from Australia in 1837. Today about 70 million inhabit more than 90% of the New Zealand mainland, and this species is considered one of the most damaging animal pests throughout most of the country. Numerous native plant species have declined because of possum browsing. Furthermore, because possums have strong preferences for certain plant species, they may alter the composition of native forests and even cause the collapse of forest canopy in places where preferred species are abundant. Possums can compete with native birds for food or den sites, and prey on the eggs and chicks of some species. Possums are also an economic burden to New Zealand because they cause damage to agricultural crops and commercial pine plantations, and they carry bovine tuberculosis (Tb), which poses a potential threat to New Zealand's beef, dairy and venison industries.
The possum control industry is continually seeking more cost-effective ways to control possums. Baits made from vegetables, such as carrot, are a common method for possum control (Morgan & Hickling 2000) , and provided carrot baits are prepared correctly the risk to native birds is low (Spurr 2000) . Baits are also made from cut apple and are especially used in areas such as the Bay of Plenty where apple can be obtained cheaply. Both carrot and apple are surface coated with sodium monofluroroacetate (1080) which poisons the possums. Green dye is used to identify baits as being toxic, and to make them less attractive to birds (Cathness & Williams 1971) . In addition, cinnamon oil is added to carrot baits to provide a partial bird repellent (Spurr 1994; Hickling 1997 ) and to mask the taste of the 1080 to possums (Morgan 1990) . Apple is coated with orange oil as a mask for 1080 (Morgan 1990 ). Cinnamon oil is unsuitable for apple since it rapidly turns apple baits brown, because of its high acidity, and reduces its palatability to possums. Orange oil has no recorded repellent properties to birds.
In 1996, the Wellington Regional Council (WRC) began trials where they alternated 1080 bait types (apple, cereal, carrot and paste) in an attempt to overcome 1080 bait shyness (Morgan et al. 1996; O'Conner & Matthews 1999) . These trials indicated that 1080 apple baits are highly palatable to possums and can produce good possum kills (D. Meenken, unpubl. data).
Although apple baits may provide an effective option for possum control, the risks to non-target animals, such as native birds, and the risk of contamination of honey through honeybees (Apis mellifera) feeding on the baits have not been assessed. Research suggests that, despite some deaths to native birds, 1080 poisoning operations generally have no impact or indirectly a positive impact on populations of native birds (Spurr 2000) . However, individual deaths of native birds should be avoided and are unacceptable for rarer species such as the kaka (Nestor meridionalis) and kakariki (Cyanoramphus sp.). Honey bees have also been known to be attracted to 1080 apple paste baits that contain a large percentage of cane sugar (Goodwin & Ten Houten 1991) . This can lead to death of bees and contamination of honey with 1080. The purpose of this study was to assess the potential risks that apple baits could pose to native birds and contamination of honey.
METHODS Birds
The time captive native birds spent feeding on non-toxic apple baits compared to the time the birds spent feeding on non-toxic carrot baits was recorded. Fresh apple and carrot were cut into 10-25 g pieces. Both baits types were coated with a green dye so that it had a colour range of 221-267 using the New Zealand Standard Specification 7702 (Eason & Wickstrom 2001) . The baits were also coated with 0.3% wt/wt of either cinnamon oil (for carrots) or orange oil (for apple). Approximately 10 non-toxic carrot baits and 10 non-toxic apple baits were presented simultaneously to captive native birds over a 3-day period in March 2001 at Orana Wildlife Park, Christchurch. The birds were weka (Gallirallus australis; n = 2), kaka (n = 1), kea (Nestor notabilis; n = 4), kakariki (n = 11), kereru (Hemiphaga novaeseelandiae; n = 8) and silvereye (Zosterops lateralis; sample size was large but exact numbers were not counted as silvereyes were free to fly into and out of the cages). The normal diet fed to these birds was as follows:
Weka meat mix including egg and bran plus day old chicks and mice Kaka fruit and vegetable mix including some carrot Kea apple and carrot Kakariki fruit and vegetable mix including some carrot Kereru fruit only Silvereye apple and carrot Birds were observed for at least 6 hours per day and the time (to the nearest minute) that individual birds spent feeding on the two bait types was recorded.
Bees
To assess the risk of honey bees feeding on apple baits and contaminating honey a trial was conducted on farmland near Christchurch in May 2001 using the methodology described in Morgan (1999) . Two Petri dishes containing a cane sugar solution were placed 1 m from two active beehives to habituate them to feeding at the dishes. The number of bees feeding at the dishes was recorded every 5 min for 1 h. The cane sugar solution was then replaced with apple bait and the number of bees feeding was again counted at 5 min intervals for 1 h. This procedure was undertaken 3 times per day for 3 consecutive days, i.e. 36 readings per day for 3 days. The number of bees per 5 minute interval that fed on the cane sugar solution and apple bait was compared using a t test to determine whether significant differences occurred.
RESULTS
All of the birds except weka spent more time feeding on the apple bait than on the carrot bait. Kaka spent 74%, kea 87%, kakariki 96% and silvereye 100% of their bait feeding time on the apple baits (Table 1) . Kereru did not feed on either the carrot or apple baits. For the honey bees, a mean of 10.1 bees were recorded per 5 minute count on the cane sugar solution (SEM = 1.9) and significantly less (0.2 per 5 minute count) on the apple (SEM = 0.04) (t=5.2; P<0.0001; df=214).
DISCUSSION
This study suggests that the use of apple baits for possum control could pose greater risks to native birds than baiting with carrot. Most of the captive birds in this study spent more time feeding on the apple bait than on the carrot bait. However, this study used captive birds, and birds in the wild could behave differently. Spurr (1993) noted that possum baits may be less acceptable to wild birds that are not habituated to an artificial diet including carrot and apple. But on the other hand, these baits may be more acceptable to wild birds if they are faced with food shortages. Field trials in a range of habitat types would build on the information gained in this study.
Few bees fed on the apple bait, despite being attracted to it by prior feeding with cane sugar. There have been instances of honey bees being killed after feeding on 1080 paste baits containing cane sugar when nectar is in short supply (Goodwin & Ten Houten 1991) . However, the very low sugar content of apple baits and the results from this trial suggest that bees are unlikely to be killed and the risk of 1080 contamination of honey is negligible.
Until more comprehensive field-based studies that observe feeding behaviour of wild birds on possum baits are undertaken, it is recommended that caution is used with apple baits. Consequently it is suggested that apple baits be used only in bait stations. Bait stations are designed specifically to feed possums and they help preclude non-target species such as birds. In addition, less bait is required in bait stations compared to other methods, such as aerial application, and unused bait can be more easily removed from the field (Thomas 1994) . Aerial application of apple bait is not recommended. Apple is softer than carrot and the mechanical sowing buckets used for aerial bait application are likely to fragment the apple. This could further increase the risk to birds as small bait fragments have been implicated in increased bird deaths (Spurr 1994) .
